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TESTS I N  THE VARIABLE-DENSITY T m N E L  OF SEVEN TAPEBED 
TfINGS H A V I N G  N.A.C.A. 230 MEAN LINES 
By Raymond F. Anderson 
A t  t h e  r e q u e s t  of t h e  M a t 6 r i e l  D i v i s i o n  of  t h e  Army 
A i r  Corps ,  seven t a p e r e d  wings h a v i n g  s e c t i o n s  based  on 
the N.A,C.A. 230 mean l i n e  were t e s t e d  i n  t h e  v a r i a b l e -  
d e n s i t y  mind t u n n e l ,  The c h a r a c t e r i s t i c s  of t h e  wings 
w e r e  as f o l l o a s :  
Ving I p l a n  form I Aspect  1 Taper 
r a t i o  r a t i o  
S t a n d a r d  Army 
S t a n d a r d  Army 
S t r a i g h t  t a p e r ,  
rounded t i p s  
Straight t a p e r ,  
rounded t i p s  
S t r a i g h t  t a p e r  , 
rounded t i p s  
S t r a i g h t  t a p e r ,  
rounded t i p s  
S t r a i g h t  t a p e r ,  
rounded t i p s  
-I----- - -- 
R o o  I Tip 
s e c t i o n  s e c t i o n  
. The s t a n d a r d  Army p l a n  form i s  t h e  p l a n  form g i v e n  i n  
t h o  lfHandboolr of I n s t r u c t i o n s  f o r  A i r p l a n e  D e s i g n e r s , "  
v o l e  I ,  pr  76 f .  The two wings h a v i n g  t h i s  p l a n  form were 
d e s i g n a t e d  i n  t h e  manner p r e v i o u s l y  u s e d  f o r  wings of 
s t a n d a r d  pl,m form t e s t e d  i n  t h e  v a r i a b l e - d e n s i t y  t u n n e l *  
The f i v e  remain ing  mings d i f f e r e d  on ly  i n  t a p e r  r a t i o ,  . 
a s p e c t  r a t i o ,  and r o o t  t h i c k n e s s ,  t h e r e f o r e  numbers g i v i n g  
t h e s e  t h r e e  q u a n t i t i e s  mere u s e d  t o  i d e n t i f y  t h e s e  mings. . 
The o r d i n a t e s  of t h e  n i n g s  a r e  g i v e n  i n  t h e  a t t a c h e d  t a b l e  
and d e t a i l s  of shape a r e  g i v e n  i n  t h e  accompanying drawings.  
Each model had an  a r e a  of 150 s q u a r e  i n c h e s  and was con- 
s t r u c t  ed of duralumin,  
TESTS AND RBSULTS 
Tho l i f t ,  d r a g ,  and p i t c h i n g  moment of t h e  mings were 
measured i n  t h e  v a r i a b l e - d e n s i t y  t u n n e l  at  s p r e s s u r e  of 
20 a tmospheres .  I n  a d d i t i o n ,  t h e  maximum l i f t  was measured 
a t  o n e - f i f t h  t h e  s t a n d a r d  dynamic p r e s s u r e  t o  i n d i c a t e  s c a l e  
e f f e c t ,  The r e s u l t s  a r e  p r e s e n t e d  i n  t h e  form of t h e  u s u a l  
d i m e n s i o n l e s s  c o e f f i c i e n t s  ( c o r r e c t e d  f o r  tunne l -mal l  e f -  
f e c t )  on t h e  accompanying p l o t s .  To f i n d  t h e  Reynolds N u m -  
b e r  of t h e  t e s t s ,  a l e n g t h  d e f i n e d  by a r e a / s p a n  mas used.  
The maximum l i f t  c o e f f i c i e n t s  a p p l y  i n  f l i g h t  a t  an  e f f  ec- 
t i v e  Reynolds  Number which i s  e q u a l  t o  a t u r b u l e n c e  f a C t 0 ~  
2.64 m u l t i p l i ' e d  by t h e  t e s t  Reynolds Number. The c o e f f i -  
c i e n t  GDo h a s  been c o r r e c t e d  t o  e f f e c t i v e  Reynolds  Number 
by a l l o v i n g  f o r  t h e  r e d u c t i o n  i n  s k i n  f r i c t i o n  d r a g  due t o  
t h e  change from t h e  t e s t  t o  t h e  e f f e c t i v e  Reynolds Number, 
For t e s t  Reynolds Number of 3 ,000,000 t h e  r e d u c t i o n  
a n o u n t s  t o  Acd = 0.0011. I n  computing t h e  c o r r e c t i o n ,  
t h o  v a r i a t i o n  of Beynolds Number a l o n g  t h e  span of t h e  
wings n a s  t a k e n  i n t o  accoun t .  
The effective p r o f i l e  d rag  c o e f f i c i e n t  CD, i s  ob- 
t a i n e d  by s u b t r a c t i n g  t h e  induced d r a g  c o e f f i c i e n t  of an 
e l l i p t i c a l  n i n g :  
mhore A i s  t h e  a s p e c t  r a t i o .  I t  should  b e  n o t e d  t h a t  
C ~ e  i s  n o t  a p r o f i l e  d r a g  c o e f f i c i e n t  bu t  a p p l i e s  on ly  t o  
t h e  p a r t i c u l a r  wing t e s t e d .  CDe i s  u s e f u l  f o r  comparing 
t h e  d rag  of t a p e r o d  mings ,  as i t  i n c l u d e s  t h e  t r u e  p r o f i l e  
d r a g  and any add?- t ional  induced d r a g  caused by d e p a r t u r e  
f rom t h o  i d e a l  s l l i p t i c a l  l i f t  d i s t r i b u t i o n .  
The pitching-moment c o e f f i c i e n t s  
'mat a r e  g iven  
abou t  an a::is th rough  t h e  aerodynamic c e n t e r  of t h e  wings 
i n  o r d e r  t o  o b t a i n  a p r a c t i c a l l y  c o n s t a n t  v a l u e  of nonent  
c o e f f i c i e n t .  The l o c a t i o n  of t h e  aerodynamic c e n t e r  i s  
g i v e n  on t h e  p l o t s  by c o o r d i n a t e s  which a r e  e x p r e s s e d  as 
f r a c t i o n s  of ~ / b  ( a r e a l s p a n ) ,  
I t  n i l 1  be  n o t e d  t h a t  t h e  n i n g s  of h i g h  a s p e c t  r a t i o  
and t a p e r  r a t i o  have c o n s i d e r a b l y  reduced maximum l i f t  
c o e f f i c i e n t s  as compared t o  t h e  n i n g s  of a s p e c t  r a t i o  6 
and 2 t o  1 t a p e r .  The low maximum l i f t  c o e f f i c i e n t s  a r e  
undoub ted ly  due t o  a  p r e m a t u r e  s t a l l i n g  of t h e  t i p  sec-  
t i o n s  owing t o  t h e  h i g h  t a p e r  r a t i o s ,  t h e  low Reynolds  
Number f o r  t h e  t i p  s e c t i o n s  and t h e  t h i n  s e c t i o n s  enployed 
n e a r  t h e  t i p s .  
Langley Menor ia l  A s r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  Advisory Comni t t e e  f o r  A e r o n a u t i c s ,  
Langley F i e l d ,  P a L ,  Fobruary  1 9 ,  1936. 
TABLE X 
Table 1. 
E. A. C. A. 23015-09 'Papered Airtoll  
I. A. C. A .  23018-C9 Tapered Airfoil 
3-55 I 0.89 1.39 I 1.21 I 1.02 
Stations in 
Shpe of ratiilas througb end o f  abord 0.3135 
10 
15 
20 
25 
30 
40 
50 
6 G  
70 
80 
90 
95 
10C) 
L.E. radius 
Slope of radius tW@ end OT chon3 0.305 
7.64 
8.92 
9.08 
9.05 
8.59 
7.74 
6.61 
5-85 
3-73 
1.12 
.16 
-4.09 
8.52.-4.84 
-5.41 
-5.78 
-5.96 
-5.92 
-5.90 
4 . 8 1  
-3.93 
-2.83 
2.04-1.59 
-.YO 
-.I6 
2.40 
5.26 
5.85 
6.06 
6.11 
6.05 
5.69 
5.99 
4.32 
3.42 
2.41 
1.31 
7 2  
.10 
9-89 
-1.79 
-2.17 
-2.55 
--2.80 
-2.96 
-3.03 
-2.86 
-2.53 
-2.08 
-1.51 
-.86 
-.50 
-.LO 
1.21 
5.64 
6.52 
6.78 
6.86 
6-80 
6.41 
5.75 
4.89 
3.38 
2.74 
1.49 
.A2 
.11 
1.10 
-2.37 
-2.84 
-3.27 
-3.55 
-3.71 
-3.75 
-3.53 
-3.13 
-2.54 
-1.35 
-1.05 
- . G O  
-.11 
0.98 
5.64 
6-29 
6.54 
5.63 
6-54 
5.16 
5.53 
4.69 
3.73 
2.53 
1.43 
.78 
-10 
-2.18 
-2.61 
-3.02 
-3.30 
-3.45 
-3.50 
-3.30 
-2.91 
-2.38 
-1.74 
-.48 
-.5E 
-.LO 
5.41 
6.01: 
6.26 
6.32 
6.26 
5.89 
5.26 
4.J+7 
3.54 
2.51 
1.36 
.74 
-10 
-3.94 
-2.36 
-2.75 
-3.02 
-3.16 
-3.23 
-3.& 
-2.69 
-2.20 
-1.62 
-.92 
-.52 
-.I0 

TABLE I ( C o n t i ~ u w l )  
Al. A. C. A. 5-10-18 BDapema aOrgolP 
Slope Q? r a 6 . i ~ ~  throu;;h end. of chord 0.305 
N. A. C. A. 5-12-16 Tapered Air fo i l  
Stertlons i n  Ordinates in ucraent of  chord 
vercent O f  I I 
chord 
Slope of radius  ~~~ end of chord 0 . 9 5  
N . A . C . A .  Table 1 ,  (concluded) 
TABLE I ( Continued ) 
N. A. G .  A. 5-12-20 Tapered Alrfoll 
Stations i n  
;?orcent of 
ohord 
Lower 
0 
-1.03 
-1.37 
-1.72 
-3.. 95 
-2.18 
-2.61 
-3.02 
-3.30 
-3.45 
-3 - 50 
-5 -30 
-2.91 
-2.38 
-1.74 
- -98 
- .56 
- .10 
- - 
~ o o t  sect ion Construction 
Slope of radius through en& of chord 0.305 
Section I 
t i p  eeption I Section 11 
z + 
; 
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Angle o f  affoch, a (degrees) op 
Figure 1 .-  Tapered N.A.C.A. 23015-09 air  f o i l .  I--J 
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Figure 5.- Tapered  N.A.C.A. 5-10-18 airfoi l .  
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